Objectives: Organ donation after cardiac death remains an available resource to meet the demand for transplant. However, concern persists that outcomes associated with donation after cardiac death liver allografts are not equivalent to those obtained with organ donation after brain death. Results: Patient and graft survival rates were similar in both groups at 1 and 3 years (P = .444 and P = .295). There was no statistically significant difference in primary nonfunction, vascular complications, or biliary complications. In particular, there was no statistically significant difference in ischemic-type diffuse intrahepatic strictures (P = .107). Conclusions: These findings provide further evidence that excellent patient and graft survival rates expected with liver transplants using organ donation after brain death donors can be achieved with organ donation after cardiac death donors without statistically higher rates of morbidity or mortality when a comprehensive approach that controls for careful donor and recipient matching, surgical technique, and preservation solution is used.
Introduction
The demand for liver allografts for transplant continues to exceed the supply throughout the world. Removals from waiting list and deaths on waiting list have been 16% to 18% during the past decade in the United States. 1 2 The greatest contribution over the last decade to the increase in organ donation has been from donation after cardiac death (DCD). However, since a peak in 2007, there also has been a decrease in these donors of 8%. 2 The use of DCD liver allografts has been tempered by studies reporting increased biliary complications and inferior graft survival compared with those obtained from donation after brain death (DBD). [3] [4] [5] [6] [7] The pathophysiological basis of biliary complications and graft failure likely involves the dynamics among the donor warm ischemia time during the dying process and procurement, cellular integrity during cold preservation, and stress produced by reperfusion. Recommendations to manipulate these dynamics have included donor management with vasodilators, limits to warm and cold ischemia times, tissue plasminogen activator, and the use of lower viscosity preservation solutions like histamine-tryptophanketoglutarate (HTK) solution. [8] [9] [10] [11] Despite the series of studies finding poorer outcomes with DCD as compared with DBD donors, several single-center studies have demonstrated that similar results can be achieved in recipients regardless of the donor source. [12] [13] [14] If concerns regarding DCD donors can be resolved, they could remain a resource to help address the growing demand for liver allografts. The aim of this study was to provide additional evidence that outcomes of orthotopic liver transplant (OLT) with DCD donors can be equivalent to outcomes with DBD donors by using a comprehensive approach that controls for careful donor and recipient matching, warm and cold ischemia times, surgical technique, and preservation solution.
Materials and Methods
There were 686 adult liver transplants performed at our center between January 1, 2006, and December 31, 2011. A retrospective review was performed with Institutional Review Board approval from the University of Tennessee to identify recipients of DCD liver allografts. This research was performed in accord with the ethical standards of The Helsinki Declaration as well as The Declaration of Istanbul on Organ Trafficking and Transplant Tourism. Thirty-eight patients with DCD donors were identified as the study group.
The DCD recipients were compared to matched case controls that received liver allografts from DBD. Two controls were selected in a random fashion after they were matched by recipient age (± 5 years), Model for End-Stage Liver Disease (MELD) score (± 3), and donor age (± 5 years). These parameters were previously identified as risk factors for patient and graft survival. 15, 16 Because retransplant recipients, multiorgan recipients and recipients listed as Status 1A are excluded from our DCD protocol, similar exclusions were used in the case-control group. Seventy-six DBD recipients as controls were matched from 584 DBD recipients to the study group. All patients used in this analysis had at least 1 year of follow-up since their primary liver transplant.
A comprehensive approach controlling for careful donor and recipient matching, surgical technique, and preservation solution was used to address the dynamics of warm ischemia time (WIT), cold preservation, and reperfusion injury that contribute to the biliary complications and graft failure in DCD donors. The goal of this comprehensive approach was to minimize WIT, cold ischemia time (CIT), and reperfusion injury.
Decision-making regarding the potential use of all donors is individualized. However, the potential use of DCD donors is more critically assessed with regard to donor age, location, serologies, and probability of timely death, primarily by assessing respiratory effort and the need for vasopressors. General selection criteria used by our center for DBD and DCD donors are shown in Table 1 . Some deviation from these criteria does occur because of other donor or recipient characteristics.
The DBD donor operations were performed using the rapid recovery technique as described elsewhere. 17 The DCD donor operations were controlled situations with cardiac arrest anticipated after removing ventilator and organ perfusion support. To reduce WIT, all but 1 of the DCD allograft procurements were performed by attending transplant surgeons from our center, using a protocol in line with Institute of Medicine recommendations. 18 The transplant team did not participate in the clinical management of the donor. Heparin was administered just before discontinuing ventilator and organ perfusion support. Cardiac arrest was awaited, confirmed, and declared by the attending physician of the admitting institution.
After cardiac arrest and declaration of death, 5 minutes were observed in the event of reanimation of the heart, after which organ procurement was performed rapidly through a midline incision. The distal aorta was exposed, cannulated, and perfused with preservation solution. Ice slush was placed on the abdominal organs for surface cooling. A median sternotomy was performed, and the right atrium was opened for venous drainage into the chest cavity. A cross-clamp was placed on the descending thoracic aorta at the diaphragm. The inferior mesenteric vein was identified near the ligament of Treitz, cannulated, and perfused with preservation solution. The gallbladder was opened and drained, the common bile duct was divided, and the biliary system was flushed with cold preservation solution. The liver was removed with care to preserve its vascular structures and packed in preservation solution for transport to the transplant center. Donor WIT was recorded as the time from cessation of mechanical ventilation and organ perfusion support to aortic perfusion, and true WIT was recorded as the time from systolic blood pressure < 80 mm Hg or oxygen saturation < 80% to aortic perfusion. Time from asystole to aortic perfusion also was recorded.
Preservation of liver allografts was preferentially accomplished with HTK. However, University of Wisconsin (UW) solution was used when requested by another operating or organ-accepting team, when use of HTK would limit placement of the organs from the donor, or when the organ procurement organization coordinating the recovery did not have HTK available.
The recipient operation was an OLT by standard technique without venovenous bypass as previously described. 19 By coordinating the times for donor and recipient operations and careful selection of recipients, CIT could be minimized. Whenever possible, lower-risk, well-compensated recipients were chosen for transplant with DCD liver allografts. In general, these recipients did not have previous upper abdominal operations, were not morbidly obese, and had calculated MELD scores ≤ 20. Cold ischemia time was defined as the time from the initiation of aortic perfusion with preservation solution to initiation of the first anastomosis. Anastomotic time was defined as the time from the initiation of the first anastomosis to reperfusion of the liver allograft with recipient blood.
Both DCD and DBD recipients received immunosuppression with steroid-free antithymocyte globulin induction followed by tacrolimus. 20, 21 Primary sirolimus was used when serum creatinine remained > 177 μmol/L by day 7 after the transplant. Mycophenolate mofetil was used for the first 3 months after transplant.
Donor and recipient charts for both DCD and DBD groups were reviewed to obtain demographic data, laboratory values, and ischemic times. Transplantrelated outcomes were reviewed and included patient mortality, allograft survival, vascular complications, and biliary complications. Subanalyses were performed with stratification for preservation solution used at the time of organ recovery. Categorical data was compared with Pearson chi-square test or Fisher exact test where appropriate. Continuous variables were compared as means using the t test or the Mann-Whitney U test where appropriate. Patient and graft survival rates were estimated using KaplanMeier curves with comparison by log-rank test. Statistical significance was set a priori at P < .05. Statistical analyses were done with SPSS software (SPSS: An IBM Company, version 20.0, IBM Corporation, Armonk, NY, USA).
Results
Characteristics of the donors and allografts for both groups are presented in Table 2 . According to study design, the mean donor age was similar for both groups. In addition, the study group and control group also were similar regarding body mass index (BMI), sex, race, preservation solution, and peak serum laboratory values alanine transferase, aspartate transferase, alkaline phosphatase, and gamma-glutamyl transferase. The mean peak serum total bilirubin and mean peak serum sodium were lower in the DCD donors compared with DBD donors; however, this difference had little clinical bearing because both values were in the normal physiologic range.
For DCD donors, the mean WIT was 21 ± 8 minutes (range, 7-44 min), and the mean true WIT was 15 ± 6 minutes (range, 7-30 min). The mean asystoleto-flush time was 6 ± 3 minutes (range, 5-14 min). The mean CIT and mean anastomotic times were similar between the DCD and DBD allografts (289 ± 97 vs 280 ± 111 min; P = .696, and 33 ± 8 vs 35 ± 10 min; P = .358).
Recipient matching yielded similar groups for age-calculated and lab-calculated MELD scores. The 2 study groups also were similar for BMI, sex, race, packed red blood cell units during the transplant procedure, length of stay, and days in the intensive care unit ( Table 3 ). The percentage of recipients listed with a MELD score exception upgrade was significantly lower for DCD compared with DBD donor recipients (13% vs 32%; P = .041). Table 4 presents mean posttransplant serum laboratory values for both groups. The DCD group had higher mean peak serum alanine transferase and aspartate transferase levels in the first week after transplant than did the DBD group (21.21 ± 17.75 vs 13.46 ± 11.99 μkat/L; P = .007, and 65.81 ± 65.01 vs 35.17 ± 37.19 μkat/L; P = .002). Otherwise, mean peak serum laboratory values during the first week after transplant were similar for alkaline phosphatase and total bilirubin. Similarly, no statistical difference was found for mean serum total bilirubin at 7 days, 30 days, and 1 year after the transplant.
Using the Kaplan-Meier analysis to estimate the overall patient survival rates with a median patient follow-up of 1439 days (range, 3-2376 d), we found the 1-year and 3-year patient survival rates for the 38 DCD recipients were 92% and 80%. The causes of death for Abbreviations: ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; DBD, donation after brain death; DCD, donation after cardiac death the DCD recipients were primary nonfunction at 11 days, respiratory arrest at 51 days, anoxic brain injury at 76 days, cardiac arrest at 546 days, acetaminophen toxicity at 611 days, unknown cause (probable cardiac arrest) at 758 days, recurrent hepatocellular carcinoma at 891 days, and graft failure from chronic rejection at 946 days. The matched DBD recipient group had 1-year and 3-year patient survival rates of 92% and 86%. The causes of death for the matched DBD recipients were 3 sepsis, 3 recurrent hepatocellular carcinoma, primary nonfunction, cardiac arrest, renal failure, and graft failure from hepatitis C virus.
According to Kaplan-Meier estimates of graft survival, the 1-year and 3-year graft survival rates for the 38 DCD recipients were 92% and 74%, and the matched DBD group had 1-year and 3-year graft survival rates of 91% and 85%. Graft losses were primarily due to the deaths of the patients in both groups. There was 1 retransplant in a DCD recipient at 1158 days owing to graft failure from ischemic-type diffuse intrahepatic strictures. Log-rank test demonstrated statistically similar patient and graft survival rates between the 2 groups (P = .295 and P = .444).
There was no statistical difference between the DCD and matched DBD recipient groups regarding primary nonfunction, vascular complications, or biliary complications (Table 5 ). Five DCD donor recipients experienced vascular complications, which were suspected because of the abnormal results identified by Doppler ultrasound, which then were confirmed by angiography. Some recipients had more than 1 complication. One vena cava thrombosis was identified that had no effect on graft function or survival. Four hepatic artery stenoses were found in the DCD group (10.5%), but this was not statistically different from the DBD group (6.6%). All 4 hepatic artery stenoses were treated with balloon angioplasty with good results. Two patients developed liver allograft dysfunction, and 2 patients have normally functioning grafts. There were no portal vein stenoses or thromboses and no hepatic artery thromboses in the DCD group.
Overall biliary complication rates showed a trend toward being higher for recipients of DCD donors (18.4%) compared with recipients for DBD donors (9.2%). Biliary complications were suspected by abnormal serum laboratory values and confirmed by cholangiography. There were 7 recipients of DCD donors with biliary complications, some of which had more than 1 complication. There was 1 biliary leak (2.6%), which occurred at the biliary anastomosis and required reoperation during the first week to create a hepaticojejunostomy. There were no biliary necroses or abscesses in the DCD group. Biliary sludge or stones (7.9% vs 1.3%), anastomotic strictures (18.4% vs 9.2%), and ischemic-type diffuse intrahepatic biliary strictures (IHBS) (7.9% vs 1.3%) occurred more commonly, but not significantly, in recipients of DCD donors than they did in the matched recipients for DBD donors. Intrahepatic biliary strictures were identified at 190, 256, and 298 days in the DCD recipients and at 246 days in the DBD recipient.
After stratification of both donor groups for either HTK or UW solution for preservation of the liver allografts, recipients of DBD donors had 45 donors preserved with HTK and 31 donors preserved with UW, and recipients of DCD donors had 23 donors preserved with HTK and 15 donors preserved with UW. Using the matched recipients of DBD donors preserved with UW as the reference, 1-year and 3-year patient and graft survival rates were similar in recipients of DBD donors and DCD donors preserved with HTK. However, allografts preserved with UW showed a trend toward significantly worse patient and graft survival at 1 and 3 years, particularly in the DCD group. These data are shown in Table 6 .
Discussion
As liver transplant has gained acceptance as the standard treatment for end-stage liver disease, the 22, 23 However, this trend recently has shown a decline in all donor groups for liver allografts. A 9.8% decrease in the number of DCD livers transplanted between 2007 and 2008 is a major contributor to the overall decline in livers available for transplant and results from reduced donor consents, recoveries, and an 1.4% increase in the number of discarded DCD livers. 24 The declining use of DCD liver allografts has followed concern for increased biliary complications and inferior long-term graft and patient survival in the recipients of these organs compared with DBD allografts. Abt and associates were the first to report the increased incidence of biliary complications in one-third of their recipients of DCD liver allografts. The majority of these complications were intrahepatic biliary strictures. 25 These findings were confirmed by other studies that also showed decreased graft and patient survival. However, subsequent evaluation indicated that the biliary complications were not implicated in many of these graft failures or patient deaths. 4, 6, 7 In our study, by using careful donor and recipient selection, expedited operative procedures to limit WIT and CIT, and using HTK preservation when possible, we demonstrated that results can be achieved in recipients of DCD donors, which were comparable to those of a matched cohort of recipients with DBD donors. Previously reported experiences with DCD liver allografts had 1-year patient and graft survival rates at 62% to 92% and 55% to 87%, and 3-year patient and graft survival rates at 68% to 90% and 56% to 69%. Many of these groups showed poorer graft and/or patient survival when compared with recipients of DBD donors. 3, 4, 9, 12, 13, [25] [26] [27] [28] A comprehensive approach allows our center to control for factors like donor age, WIT, CIT, asystole-to-flush time, and preservation solution that previously have been shown to contribute to IHBS. 3, 4, 10, 26, [29] [30] [31] Each DCD donor offered to our center is critically assessed regarding donor age, location, serologies, and probability of timely death, by assessing respiratory effort and the need for vasopressors. Once we determine that there is high likelihood of the donor progressing to a rapid death (generally ≤ 45 min), travel distance and time are evaluated. Using small jets for transportation, our center has CIT close to 5 hours for most liver allografts regardless of allocation locally, regionally, or nationally. Through careful donor selection, DCD donors also have a relatively short WIT from withdrawal of interventions at 21 minutes and with the agonal period at 15 minutes. Additionally, our center always has considered the period of circulatory arrest to be important, and this time from asystole to flush, which includes the a mandatory 5-minute wait, recently has been shown to predict development of IHBS. 31 To maintain control over these variables, it is crucial to send an experienced transplant surgeon in DCD procurement, and it has become our center's policy that procurement of all DCD liver allografts is performed by a surgeon from our center.
The DCD donors also have more stringent acceptance criteria, particularly for age. The mean age of our DCD donor group was 33 years, while the mean age for all donors at our center was 41 years. It is noteworthy that older donors have been used if other factors were favorable, with the age range for DCD donors between 9 and 60 years.
Recipient characteristics were significantly different for only the percentage having an upgrade of MELD score by exceptions for hepatocellular carcinoma or other conditions. The lower percentage for the DCD group reflects the policy of our center to place functionally higher-risk livers, such as DCD allografts, into lower-risk, well-compensated recipients when possible. These recipients are chosen to limit any physiologic stress to the allograft in the perioperative and immediate postoperative period that may result from the instability of a patient with a higher MELD score. Additionally, with regard to recipient selection, our center avoids patients with previous abdominal operations and morbid obesity as recipients for DCD allografts. These selection criteria are used to limit CIT on the allograft by avoiding a prolonged dissection during the hepatectomy phase or difficulty with exposure during the transplant procedure. Despite this approach, it is evident that DCD allografts are more stressed by the significantly higher mean peak serum alanine transferase and aspartate transferase from the ischemia of the cardiac death process compared with the matched cohort of DBD recipients.
The UNOS database analysis by Abt and associates shows that placing a DCD liver allograft into recipients on life support was a predictor of early graft failure. 9 Other registry analyses also found that need for life support, recipient hospitalization, status 1 listing, history of previous transplant, elevated creatinine level, and need for dialysis before OLT were poor predictors of graft outcome. 29, 32 In fact, consistent with our approach, Mateo and associates suggest an algorithm based on recipient risk factors to guide the use of DCD liver allografts. 10 Additionally, recipient characteristics in these analyses suggest that nationally the practice is to place DCD liver allografts into physiologically stable recipients.
The practice of matching higher-risk liver allografts to appropriate lower-risk recipients is not limited to DCD donors. Segev and associates reported their results for matching elderly liver donors to preferred recipients and could achieve significantly better outcomes. 33 The UCLA group defined an extended criteria donor score to aid matching higher-risk liver allografts to lower-acuity patients. 34 Many retrospective, single-center studies of DCD liver allograft outcomes also suggest the use of this practice. 3, 4, 12, 26 In contrast, 1 study argued that higher risk patients on life support or with MELD scores > 30 transplanted with DCD donors have a greater survival benefit than lower risk patients. This conclusion is based upon similar survival rates when compared with higher risk patients transplanted with DBD donors. However, analysis of the DCD cohort alone showed that lower risk patients still had better graft survival when compared with the higher risk recipients of DCD allografts. 5 Additionally, another study showed that the use of higher donor risk index liver allografts, such as DCD allografts, in lower MELD recipients led to significantly higher mortality. This finding is limited to calculated MELD ≤ 14, particularly calculated MELD ≤ 11. Regardless of donor risk index, recipients with MELD ≥ 15 had a survival benefit. 35 Taking these findings into consideration, our center's practice of careful donor and recipient selection uses DCD allografts in lower risk, physiologically stable patients that derive a survival benefit, but as reflected in the lower ratio of malignancy exceptions (which frequently are in patients with calculated MELD ≤ 11) in recipients of DCD allografts, we avoid the use in the lowest MELD patients that remain stable enough to wait for a lower donor risk index liver allograft.
Previous studies of DCD outcomes have reported primary nonfunction rates at 0% to 5%. 4, 6, 7, 12, 26, 27 There was 1 primary nonfunction in our study among the recipients of DCD donors, which led to death before retransplant. The recipient's morbid obesity made OLT difficult and contributed to a prolonged operative time. Cardiac and pulmonary complications during the perioperative period also were related to the recipient's advanced age. Additionally, the DCD liver allograft was obtained by a surgeon from a different center and had an extended CIT of 578 minutes. Because of medical urgency and compelling clinical circumstances, deviation from our careful donor and recipient selection occurred for this patient. The unfortunate outcome only reinforced our belief that while DCD donors can be successfully used, it is crucial that we continue to carefully choose proper donors and recipients and maintain other controllable factors.
Vascular complications in the DCD group were 10.5%, which are comparable to rates of 5% to 20% reported in previous studies. 4, 6, 7, 12, 26, 27 Biliary complications, which have been the Achilles' heel of DCD donor liver allograft use, showed a trend to be more common for DCD recipients. However, IHBS, which are the complication of greatest concern because of their effects on patient and graft survival rates, were not statistically more common in recipients of DCD donors versus the matched recipients of DBD donors (7.9% and 1.3%; P = .107). This finding is consistent with most of the other series where the IHBS rates were 4% to 67%. [3] [4] [5] [6] [7] [25] [26] [27] [28] 36 Despite the trend toward higher IHBS found in our DCD donor recipients, patient and graft survival rates remained comparable to those seen in the matched DBD donor recipients. Additionally, both groups had normal and similar mean serum total bilirubin levels at 1 year posttransplant.
Identified risk factors for developing IHBS in previous studies included donor age greater than 40 years, cold ischemia time greater than 7 hours, and increased warm ischemia times less than 30 minutes. 3, 4, 10, 26, [29] [30] [31] The comprehensive approach adopted at our center attempts to control as many of these factors as possible while expanding the available liver allografts transplanted.
Looking at both vascular and biliary complications together, hepatic artery stenoses occurred concurrently with IHBS in 2 patients in our DCD group who died. It is therefore difficult to determine whether the ischemia leading to the IHBS should be attributed to the donor process and reperfusion, or to the ischemia resulting from an under-perfused graft. Additionally, 1 of these patients had cardiac arrest within 2 weeks of OLT, which also contributed an ischemic period to the liver allograft. This patient died 546 days after the OLT from cardiac arrest with a functioning graft. The other patient who died from hepatic failure at 946 days also had a severe rejection episode approximately 2 years after the OLT, which heralded the onset of the allograft decompensation. It is difficult to determine whether this allograft would have remained stable had this severe acute rejection that lead to chronic rejection not occurred.
A third patient with concurrent hepatic artery stenoses and IHBS had allograft failure and had a second OLT 3 years later. The cholangiopathy had a course complicated by several admissions for cholangitis and required multiple biliary procedures. Analysis of graft loss in the DCD recipients using registry data showed that the period of divergence and convergence of the survival curves occurs between 20 and 180 days after the OLT. 32 Similar findings have been reported from a single-center study on the course from OLT to retransplant. 3 None of our 3 late graft losses followed this history. It is possible that other factors contributed to the complications encountered, such as the ischemia from hepatic artery stenoses, cardiac arrest, or severe acute rejection leading to chronic rejection.
Interestingly, graft complications and associated patient deaths occurred in the earliest patients in our experience. It is therefore conceivable that as our center's experience increased, our approach was refined and outcomes improved. These improved outcomes have continued with more recent patients not included in this current analysis owing to their short follow-up. It is also noteworthy that most of the graft losses in recipients of DCD donors were not due to graft-related complications but to other disease processes such acetaminophen toxicity, recurrent hepatocellular carcinoma, or cardiovascular disease. The increased pain and financial effects associated with IHBS contribute to the reluctance to use DCD liver allografts. 37 The pathophysiology responsible for IHBS has been suggested as being an interplay among the warm ischemia of the donor process, the biology of cold preservation, and the assault of reperfusion. This resulting ischemic injury leads to poor wound healing in the form of progressive fibrosis with the formation of biliary strictures. 6 Alternative preservation solutions also have been suggested as a modifiable variable to improve DCD outcomes. 11 Histidine-tryptophanketoglutarate has been used increasingly during the past decade, although UW solution remains the standard abdominal organ preservation solution for transplant. 24 Because HTK has a lower viscosity that allows better perfusion of the hepatic microcirculation, it is believed to decrease aggregation and improve elimination of blood cells, hypothetically leading to better preservation of the biliary tree and reduced complications. 37 Several studies support this hypothesis by demonstrating equivalent graft survival, and similar, or even lower, biliary complications. [39] [40] [41] [42] [43] We performed a subgroup analysis to evaluate what effect preservation solution had on graft and patient survival for recipients of DCD or matched recipients of DBD donors. When DCD donors were preserved with HTK, recipient survival tended to be better when compared with recipients of DBD donors preserved with either HTK or UW. These anecdotal findings were not powered sufficiently to find statistical significance but may provide some degree of support for the proposed mechanism by which alterations to the microcirculation occur during DCD allograft procurement and subsequently, to methods by which this damage can be averted. Both Chan and associates and de Vera and associates also showed no effect from preservation solution in their studies. 5, 36 Additionally, since the recommendation for HTK relates to its possible positive effect on biliary complications, we also compared the 31 recipients of DBD donors in the matched cohort preserved with HTK, to the 23 recipients of DCD donors preserved with HTK. Overall biliary complications, biliary leak, biliary necrosis, extrahepatic biliary strictures, intrahepatic biliary strictures, and biliary debris were similar. Although this lacks power for drawing conclusions with statistical significance, this anecdotal finding may relate to a positive effect of HTK on biliary complications.
The limitations of the current study are those limitations inherent to any retrospective, single-center study. Donor selection criteria and recipient selection criteria, although integral to the study design, are center-specific and introduce bias that may limit applicability of these results to other centers. On the other hand, single-center analyses do provide some clarity to certain variables by permitting observations with consistent donor and recipient selection, operative experience, and postoperative management, or by identifying and testing variables not available in registries. Additionally, small samples, particularly in subgroup analyses, have limited statistical power but permit meaningful observations that can be used to develop future areas of investigation. However, given the infeasibility of randomized, multicenter trials to comparatively study different donor types, replication through a series of center-specific studies, and subsequent metaanalyses, may afford the best alternative to building the knowledge that defines the best use of DCD liver donors. Collectively, findings from these studies could then enable development of procedures that could help limit the number of potentially transplantable organs, which are discarded in these times of greater demand.
In conclusion, at our center, we found that the excellent patient and graft outcomes expected from DBD donors also can be achieved with DCD donors. Additionally, recipients of DCD donors had similar rates of primary nonfunction, vascular complications, and biliary complication when compared with a matched cohort of DBD recipients. Intrahepatic biliary strictures, which are the true concern when using DCD liver allografts, were not statistically more common, and there was no statistical difference in patient or graft survival rates. These outcomes can be achieved with appropriate recipient and donor selection, which includes stable, lower-risk recipients with DCD liver allografts that had limited the WIT and the CIT. Moreover, even though a recent registry analysis seems to indicate otherwise, these outcomes may be augmented by using HTK as the preservation solution of the liver allograft. 44 
